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(57) Abstract: A fluid drilling head 
has a plurality of nozzles (3, 4, 5, 
6) in a lotatable nozzle assembly 
(2) to provide high pressure cutting 
jets (7). The head is provided with a 
gauging ring (10) having an annular 
clearance (11) to the rotatable 
nozzle assembly (2) to provide for 
the passage of rock particles eroded 
by the cutting action of the jets (7) 
while regulating the progress of the 
drilling head in the borehole and 
controlling drill stalling. A stepped 
rotatable nozzle assembly having a 
smaller diameter portion (8) and a 
larger diameter portion (9) to extend 
the cutting zone of a reaming jet 
closer to the outer diameter of the 
gauging ring(lO) is also described 
and claimed. 
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FLUip DRILLING HEAD 

FIELD OF THE INVENTION 

This invention relates to a fluid drilling head and has been devised particxxlarly 
though not solely for use in fluid drilling apparatus of the type described in Australian 
5 patent specification 700032, the content of which is incorporated herein by way of cross 
reference, 

BACKGROUND OF THE INVENTION 

In fluid drilling apparatus in general, and in particular in apparatus of the type 
described in Australian patent specification AU700032, the rock throu^ which a bore 
10 hole is being formed- by fluid jet erosion is often hard and difficult to cut or erode by 
water jet action. 

It is a problem with fluid drilling apparatus of this type that the forward progress 
of the cutting head is difficult to ri^ulate due to the inconsistent nature of the rock being 
cut It is common for the cutting head to be held up in areas of harder rock, causing over 

15 reaming of the surrounding rock in this area until the rock in firont of the head is cleared 
sufficiently to enable the cutting head to advance, whereupon the cutting head surges 
forward resulting in inconsistent and uneven diameter of the bore being cut 

In waterjet drilling practice using a drill similar to that described in Australian 
patent specification AU700032 the high pressure wateqets cut the rock ahead of the drill ' 

20 forming rock chips called cuttings. The spent jet fluid then flows back along the 
borehole, firstly through the annulus formed between the body of the drill and the 
borehole wall and then through the much larger annulus formed between the high 
pressure supply hose and the borehole wall. The cuttings are carried along in the flow of 
this spent jet fluid. The volmnetric flow rate of the waterjets is constant for a given 

25 combination of pump pressure and nozzle diameter, whilst the rate of cuttings produced 
is determined by the drill penetration rate and the borehole diameter. 

In order for the spent jet fluid and the cuttings to flow back through the annular 
area formed by the body of the tool and the borehole wall a pressure differential is 
required across the length of the tool. Hence, a higher pressure acts on the firont surface 

30 area of the drill compared to the back siuiace area. The magnitude of this press\ire 

differential is determined by the equivalent flow area of the annulus, the volumetric flow 
rate of the spent jet fluid and cuttings, and the length of the tool body. If the equivalent 
flow area of the annulus is sufficientiy small then the resultant pressure differential is 
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suflBciently large as to create a backward acting force greater than the net forward force 
created by the retro-jets. Hiis will stop the advancement of the drill, possibly even 
resulting in the drill being forced backwards. This is referred to as "drill stalling**. 

Two separate but related situations can cause the tool to stall. Firstly, if the 
5 diameter of the cut borehole is below a critical value, then the tool will stall. Secondly, if 
cuttings particles larger than the annular relief are generated, they can partly block the 
annulus region thereby reducing the equivalent flow area causing the tool to stall. 
There is also a conflict of requirements in the area of the rotatable nozzle 
assembly of the fluid cutting head between leaving sufficient clearance for particles of 
10 rock OToded by the water jet action to clear the rotating nozzle assembly and be carried 
rearwardly in the fluid flow, and the necessity to locate the outlet jfrom the high pressure 
fluid jet nozzles as close to the rock face as possible in order to optimise the cutting 
force. 

SUMMARY OF THE INVENTION 
15 Accordingly, the present invention provides a fluid drilling head of the type 

having a plurality of nozzles in a rotatable nozzle assembly, said nozzles being adapted 

to be supplied with high pressure fluid forming jets positioned to cut adjacent rock and 

angled to provide a reactive force arranged to rotate the nozzle assembly, the head being 

provided with a gauging ring concentrically located relative to the rotatable nozzle 
20 assembly and positioned behind the jets relative to the direction of advance of the 

drilling head, the gauging ring having an overall circxmiference sized to fit within the 

desired section of the bore being drilled by the drilling head. 

Preferably the gauging ring is generally cylindrical in configuration having an 

aimular clearance to the rotatable nozzle assembly, the clearance being sized to permit 
25 the flow of rock particles eroded by the cutting action of the fluid jets between the 

gauging ring and the rotatable nozzle assembly. 

Preferably the body of the fluid drilling head located behind the gaugmg ring 

relative to the direction of advance of the drilling head, is longitudinally fluted, the flutes 

providing longitudinal channels for the passage of said rock particles along the length of 
30 the drilling head. 

Preferably the channels are s^arated by longitudinal ribs sized and configured to 

provide a desired degree of lateral aligrunoit of the drilling head within the bore being 

formed by the action of the drilling head. 



wo 03/042491 




PCT/AU02/01550 



-3- 

Preferably the rotatable nozzle assembly is generally cylindrical in configuration 
and stepped to incorporate portions of dififeroit diameters such that the outlets from 
nozzles located in different said portions are located at different radii from the axis of 
rotation of the rotatable nozzle assembly. 
5 Preferably the cylindrical rotatable nozzle assembly has portions of two different 

diameters, there being a smaller diameter portion adjacent the leading face of the 
rotatable nozzle assembly, and a larger diameter portion adjacent the gauging ring. 

Preferably the smaller diameter portion of the rotatable nozzle assembly 
incorporates one or more forwardly angled nozzles adapted to erode rock in advance of 
the forward movement of the fluid drilling head. 

Preferably the larger diameter portion incorporates at least one reaming nozzle 
arranged to direct a flxiid jet against the periphery of the bore hole immediately in 
advance of the leading edge of the gauging ring. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Notwithstanding any other forms that may fall within its scope, one preferred 
form of the invention will now be described by way of example only with reference to 
the accompanying drawings in which: 

Fig. 1 is a side view of the fluid drilling head according to the invention, and 
Fig. 2 is a perspective view of the fluid drilling head shown in Fig. 1. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 
INVENTION 

In the preferred form of the invention, the leading end of a fluid drilling head 
generally shown at 1 is provided with a rotatable nozzle assembly 2 which is generally 
cylindrical in configuration as can be clearly seen in Fig. 2. The rotatable nozzle 
assembly incorporates a nimiber of nozzles 3, 4, 5 and 6 from which issue high pressure 
jets 7 of fluid, typically water. The pressure of the jets is sufficient to erode rock in the 
area of the drilling head for the formation of a bore through the rock in the manner 
described in Australian patent specification 700032. 

In the present invention, the rotatable nozzle assembly 2 is stqDped into two 
portions having a leading portion of lesser diameter 8 and a trailing portion of greater 
diameter 9. It will be appreciated that the nozzle assembly could be divided into a larger 
number of stepped portions of different diameters if desired. 
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In this manner each jet 7 is positioned at a variety of radii from the a?ds of 
rotation of the rotatable nozzle assembly 2, and each jet is angled such that its effective 
cutting zone overlaps the effective cutting zone of the adjoining jets, or in the case of the 
outer most jet issuing from nozzle 6, the effective cutting zone extends to the outer 
5 diameter of a gauging ring 1 0 described further below. 

The fluid drilling head is further provided with a gauging ring 10 which is 
generally cylindrical in configuration having an internal annular clearance 11 to the 
largest diameter portion 9 of the rotatable nozzle assembly. The annular clearance 11 is 
sized to control the flow of rock particles larger than a predetermined size, eroded by the 
10 cutting action of the fluid jets 7, between the gauging ring 10 and the rotatable nozzle 
assembly. 

The body of the fluid drilling head located in region 12 behind the gauging ring 
10 relative to the direction of advance of the drilling head as shown by arrow 13, is 
longitudinally fluted. The flutes provide longitudinal channels 14 separated by 

15 lon^tudinal ribs 15 which extend the length of the fluid drilling head of the type 

described in AU700032. Although the remainder of the fluid drilling head is not shown 
in the accompanying drawings, it will be appreciated that the fluted configuration 
extends rearwardly well beyond the portion shown in the drawings, and may be straight, 
helical, or of any other desured configuration. 

20 The longitudinal channels 14 provide a clear passage for rock particles flushed 

past the drilling head by the water which has issued as jets 7 while the ribs 15 not only 
direct the rock particles, but also serve to align the drilling head within the bore which 
has been formed by the eroding action of the jets 7. In this manner it is possible to tailor 
the size and configuration of the ribs 15, particularly relative to the overall diameter of 

25 tlie gauging ring 10 in order to limitihe degree of cantmg of the drilling head within the 
bore. 

By providing the gauging ring 10, the fluid drilling head is not able to advance 
within the bore until the periphery of the bore has been sufficiently reamed out to the 
desired diameter by the action of the jet issuing from nozzles 5 and 6. The jet issuing 
30 from nozzle 6 is orientated to extend to the gauging ring diameter and the combination 
of the reaming jets and the gauging ring provide a clean and relatively uniform bore in 
the rock. 
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The gauging ring is effective to control the forward movement of the drilling 
head, preventing over-reaming of the rock bore in areas of softer rock by allowing more 
rapid advance of the head. 

The gauging ring, cutting head and tool body designs are aimed at eliminating 
5 tiie issue of drill stalling. Because the leading edge of the gauging ring 10 has an 

external diameter slightly larger than the diameter of the drilling tool body section, this 
sets an elevated lower limit of the equivalent flow area of the annulus formed between 
the body of the drilling tool and the borehole wall. 

Furthermore, the provision of the flow channels 14 along the body of the tool 
10 increase the equivalent flow area of the annulus, thereby reducing the likelihood of the 
drill stalling. 

The annulus formed between the inside surface of the gauging ring and the 
larger diameter portion of the cutting head also limits the size of cuttings particles which 
can pass through to the annidus region between the drilling tool body and the borehole 

15 wall. Particles which are too large stay in front of this inner annulus region where they 
can be further broken up by the action of the waterjets, in particular jet number 6. In this 
maimer, by suitably selecting the relative diameter of the largest portion of the cutting 
head, and the inner surface of the gauging ring, the particles passing along the body of 
the tool can be suitably sized so as they may pass jfreely along the flow channels. This 

20 eliminates the possibility of these particles reducing the equivalent flow area of the 
annulus between the drilling tool and the borehole wall. 

By providing a stepped rotatable nozzle assembly 2, it is possible to position the 
reaming nozzle 6 closer to the face of the rock being cut than previously possible, 
increasing the effectiveness of the reaming jet and allovraig more rapid and uniform 

25 advance of the fluid drilling head. 

The stepped rotatable nozzle assembly also enables a nimiber of the reaming jets 
to be angled rearwardly as can be clearly seen in Fig. 1 for the jets issuing from nozzles 
5 and 6. This augments the forward thrust on the drilling head and helps to counteract 
the rearward thrust from nozzles 3 and 4. 
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CLAIMS:- 

1 . A fluid drilling head of the type having a plurality of nozzles in a rotatable nozzle 
assembly, said nozzles being adapted to be supplied with high pressure fluid forming jets 
positioned to cut adjacent rock and angled to provide a reactive force arranged to rotate 
5 the nozzle assembly, the head being provided with a gauging ring concCTitrically located 
relative to the rotatable nozzle assembly and positioned behind the jets relative to the 
direction of advance of the drilling head, the gauging ring having an overall 
circumference sized to fit withia the desired section of the bore being drilled by the 
drilliag head. 

10 2. A fluid drilliag head as claimed in claim 1 wherein the gauging ring is generally 
cylLadrical in configuration haviag an annular clearance to the rotatable nozzle 
assembly, the clearance being sized to permit the flow of rock particles eroded by the 
cutting action of the fluid jets between the gauging ring and the rotatable nozzle 
assembly. 

15 3, A fluid drilling head as claimed in either claim 1 or claim 2 wherein the body of 
the fluid drilling head located behind the gauging ring relative to the direction of 
advance of the drilling head, is longitudinally fluted, the flutes providing longitudinal 
chaimels for the passage of said rock particles along the length of the drilling head. 

4. A fluid drilling head as claimed in claim 3 wherein the channels are separated by 
20 longitudinal ribs sized and configured to provide a desired degree of lateral alignment of 

the drilling head within the bore being formed by the action of the drilling head. 

5. A fluid drilling head as claimed in any one of the preceding claims wherein the 
rotatable nozzle assembly is generally cylindrical in configuration and stepped to 
incorporate portions of different diameters such that the outlets firom nozzles located in 

25 different said portions are located at diflFerent radii firom the axis of rotation of the 
rotatable nozzle assembly. 

6. A fluid drilling head as claimed in claim 5 wherein the cylindrical rotatable 
nozzle assembly has portions of two different diameters, there being a smaller diameter 
portion adjacent the leading face of the rotatable nozzle assembly, and a larger diameter 

30 portion adjacent the gauging ring, 

7. A fluid drilling head as claimed in claim 6 wherein the smaller diameter portion 
of the rotatable nozzle assembly incoiporates one or more forwardly angled nozzles 
adapted to erode rock in advance of the forward movement of the fluid drilling head. 
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8. A fluid drilling head as claimed in either claim 6 or claim 7 wherein the larger 
diameter portion incorporates at least one reaming nozzle arranged to direct a fluid jet 
against the periphery of the bore hole immediately in advance of the leadtag edge of the 
gauging ring. 
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